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*HHfe tiiAV^o] «g^£M, sq-IM- ifl^t 44 o31*m 

afll ^7}^ -B-^^ol 01^ ^^7}i -B-^SSJ-; «J:4# *R1^ AVol^ ^2 

7}i-frS7f ^^^JE^- ^C.^«-Ei a>A>^o) ^Aofl 

^ 4}<8# Ji^^l^-; 7112 7V^^4 <ai£l^ ^^7Vi -fi-#Jf-7> ^ 
3^ £ % v ^°fl 1*13 ^ ^•S^^Ml 

$ ^flARl-i: ^ $U, tiUl^o] ^ $1^ ^^^^1 

7]^r ^-2:^ ^A>^ ^jH^o] 
.£ 2c 
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Ta-^°1^&) -E-IHHeater module of rapid thermal process apparatus} , 



£ la s. ic^ ^l*^ ^l-S- ^-2-^ 7^511-; ^ 

H 2a i-fl^l £ 2grr ^HHl 4^ #3^*13 §1^5-1-1: ^ 



<3> a. ^4r<£%]?] %x)o\ *1 3 2.1-6(1 ^ 3°-^ f-^ 



^-^oj^^ ji^o|^al (R a pi d Thermal Annealing), JL^°J^ (Rapid Thermal 

Cleaning), J2^r°!sr«f#2KRapid Thermal Chemical Vapor Deposition), JZ^r 

(Rapid Thermal Oxidation), Jl^^sKRapid Thermal Nitridation) ^-§r ^*}^$) 
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6fl^ o^o^as ^£^^7> °H 9t>H ^rH^l^°fl ^ 

^is|^ t A>tg-oi $jM44j 1# ^^71 3$ €3H4. 

£}4. £.°«H 4^H (Reactor)'^! ^tfl£ 4 c <H-7ll ^ ^ 

014. 5H3(Reactor)s] ^€ ^4 7U 

*}&^7] ^ ee^ «>4^ #*1«H *B-s^31 ZL 

°fl 4«M ^^^>7)1 £515] ££.7} ^-s}^ ^ 

<6> S. la £ lctr ^4 ^t^&l S^SLl-^ 44^ 7 flH fE ^ol4. 

<7> £ la# m ^€ ^H(12)7> <^<m3# ^*1*> 

3*1 4t ^43€« ^ A ^F£^ #4#(13H %>fe *]&\ eHEi(li) 

<=H1 ^*13<H ti J:4#(13)£ <H^_ 444 4s. 440} £34£L 

^ ^€4. ^, 443 ne}^ ^H(i2)l-^Bi #4^ s - 440} 

<M3^ «VA>^(13)6|1 2)i5}ol ti>A}S]7fl £4- 4^*1, <£^-ofl ol^ ^(12) 

1-^: f-thSM £S*)H7} o] = o]^7fl 5)J2.5L iL4 ^7} ^7}^*}^. 

<8> £ i b ofl ^H(22)l:^r ^ °1 4€- f^€-§: ^-^^ £ 

la4 ^o] tifl^5]^n> ; «VA>^(23)-8: ^3 a]H(22)4 S.<#4 44 
zvzj-cq efl^( 2 2)4 tfl-§-S]H^ 44 £HE-K2lH ^^l«fl#^-^ ^-^^H 

tfl*IH<$ W 7m ^ &5M=- 4534. o]e^V ^Bflcq ^E^f-^ s§5L(22H43 «j- A > 
40) 44 giL^oj #4 £-*V 4^o) oirf, 444, £ l a <^l 34 3-fiL4 ^3 



• : 
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<9> 51 let- %^}#, ^A]7l7l 7J "j^l ^*(33)f-§; $jj 

«J-A>S]fe y>A>^S. S}4 ^<^Ei(31)ofl 1i*M$!4. S^ltf, 613$ 

•3*41*=. 44^1 ^S(33H4 #44fe tfJ-A>Zj-ofl S^H 4^ ^44^r ^ 

<io> 444, £ oi=.j7^|. ^ 4^1^ t t 91^, ^44 

<U> ^7] 7l#^ 44 # ^Z>}7] £ ^6)1 4^ ^r^&l #44 ^JEf^: 

*HHfe 44 y_U>^(H0)ol tg^s^, #Jf 4^f4 #4 4«f. 44 

£*H=- 7fl^l afll 7>^>frS.(120)7> 44 Si 44 (100)2]-; #7l iSMV^UlO) ifl 

«o|l 44 4*14^r ^ = (200)1-4; ^71 44 344(100) #* 4^H1 ^sH, #71 

*14 El^E^ofl #7l *fll 7>^-f}-3.( 120)4 °144£4 7>AJ(300)* *8 

#5^ 4^ 7114 *1H ^47}^ -fi-<3^(3io)4 91^ ^47}^ 4^(300)4; #4 #4 

3KU0) 4^4 44(400)3 #i£ A>olo|| 7)12 7}i-fr5.(410)7> #7l alA}^ 

*>^s*e^ ^?>3 4444 #7] «>a>^-4 5>i&o)i ^44^ 4 ^^-(400)4; 
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<#7] ^Ei e^eU 100H1 #7l ^^%>(400)# 3i^A|7l^ Ji^^l(500)^-; 
*j)2 7>i-^S(410)^ ^^7>>i -B-#^(600)7> ^wl^l^ ^ ^Sl^ 

<i2> oi^ ( 4 wl-^-^tb ^HH « A i^-?}-4. 

<13> i 2a ^ £. 2b^r 4 ^*H°fl 4# ^rMeJ *l&|2.^t- M-Ef^fl 

S^lrolaL, £ 2c tfl*l 5L 2g^r £ 2a ^ £ 2b°H 4^ ^^^^1 *\tf3-^ 
A ^^V7l ^ Jf£ £^1:014. o^H, £ 2a^ *| ^ tfTgSj 
3- 4^\H 7flSfHolji ( S 2 bfe -3-°^ ^^^0.3. M-Bfvfl 7 i)gf 

HeH.S. 2c^r £ 2a<*fl &°H.D-D' ^1 41- £ 2d^ E-E' *H 4# 

^JE^M, £ 2e^- F-F' -Siofl 4-S ^-^S^cf.. 2 ]-^ JE^H ^7}^°) 

§}Ei e]^El(i00), ^=£(200)1-, ^7}^ -a-SJ^OOO)-, ^^^(400), Jl^^l 
(500), ^7}-^ -fi-#4(600)7> i^4. 

<15> S]Bj e]^EKl00)^ 7flS] ^4^(110)01 ^2\9] ^Bfljg. ^€4. 

*1E1 E]^EK100)S1 #4 tilA^dlO) ifl^o] -f-f- ^ ol£4 4^ 7 flo} 

41 7}^S.(120)7} *§^t}. lUf^diO) ifl^ofl^ ^(200)Ir°l ^ : 4 

5M, ^li 7>^S(120)1- -f-^H -fr^fe ^7}^ ^BK110)4 ^^(200)# ^ 

"rA ti J:^(ilO) Ml^ife 4eH 3 ^l^MM- £^ 
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<ie> ti>A>^(no)^ mm^, ^4 aa ^m)»^±£. ^44^ 

(110)lr°l ^(^)«o V ^S 4£4t11 ^4 XI 1 £444(1)4, £43:4(1)4- # 

4 f^U^s. tfl^^Kr x]2 4444(n)4, XI i 4444( i )4 xi2 4444(n) 

a>oH ^ISH 4^ ^17} 44 -£*14^- a>A>^(H0)ol ^ffro_s. 

4?wi ^44^ m ^v^(m)7> ^445^ ufl^^rq-. 444, 

^ ^ ^ 4^*Rr 4£ 44-H, 44 ^44^ 44^ ^ojpj, XI 

i g X12 £444(1 , nH 4*14 44^ ^s#4 xi3 £44r4(mH 4*14 44 

^ ^Hlrir <£44ir 7>44 *)3l4-7fl £4. 

<17> *fll a>A>^«-(i )4 XI 2 £4#4(n)*r 44S-I-4 EL7}*\) 444 ^ ^0.^.4 

7^0)7} ^4711 44, x]3 £444(m)^r 44 ^, ^4%K°iiL fllf^ 3451 4 

7fl7V ^41 4 5^4, o] ^o_o|l 43 a>A>^(m)-t 44^ u4^ ^*7\ €44fe 
X14 £444(IV)7} 4 ^44fe 4°1 #4. 44<>ll ^, Xll 44 x]3 £ 

444(1, n, 'ffl)#ofl €44 lit! ^4444 

4£ X14 £444(IVH 444^ ^=^8: €47}- 

U4<§ 4-g-4 4°14. 444, U4*§ ^^4 4^4^ 44^ 4*14 4 4^4 

, §14 4^!4(i00)oflfe 44^ 41-4^ ^4d40)l-oi e| ^44tt #4. 

<is> o]o^ ^-oi, fHfo| 44^ as. °J4fe tifl^sfn n 4fe ^o.s 44 

^ <SeH 4^4^ -^44 on- ^ £U, 4cfl^ ^si- €44 

7l7> ^44 <8^£ U4^ ^# €4^: 4 °i^4 4^-^ =l 4-§-°l -§-444. 

<i9> *ui4(iio)£, ^H(200)4 44* 4€ 4 SJ^ f-^4 44(111)4, ^ ^-4 4 
4^.3.4^ 42fl^s. 444 44-°-^ 44*1^ ^44°1 4fe ^(112)AS. <>l^-4 
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*H, 443 4^ £fe *»l*o\}*\ ^A>£)^ tiU)-^ ^ OJ^S. Qjy^ 

ZL ^o) 7 } <&%q ^H4. 443 #A}#4 4# 443 *&4#£ ^ 

(H2)# ^-R-^4. ^, ^(HJ)SW 4^^s iH^ s|4*r 3#°14, 

o]^*> ti>A>^4^ ^ (U 2)^ ^4°14. °14 £4#(il<»£ 

^£(200)1- 44*! -r ^3°J ?£S SH 443 £(on)3<H 

^4 ^(off)S]^ 5Ufe ^#4^1 tfjl 4^j<>] SJ^HS 3^44 7^H 

* W^M^l 44. 

<20> til^KllO)^ ^(112)o)]^r Us 4^4^ ^(113)4 H^44. 

eHeKioo)s1 *fli 7>^s(l20)S4 4°J4 ^44^3 Jif-4 yfl#^ 

^^14. 

<2i> *l3g ( el ^e) (100)3 ^°1)Tr #4#(110)4 ^ = (200)1- ^44^71 3tt 
^4^4 ^s(i30)7> 4 ^44. °1 ^ ^(130)3 ^4-^. «H-#(iio)4 

• 4^4*1 ^44 *r ^4^4 iff 3*H, 4a>4(110)3 

<8-W(lll)4 <?]^4 4^3^ ^-1:^(131)1- 0)^3. alAl-^dio)^ ^rt (112 )4 o] 

^4 i^<^-8r ^-#-^(131)3 44^^ 4Hfl^O_JL ^A>4^ ^ 

4^(132, 133)«- ^o] 4^^>cf. 

< 22 > ^44^ -S-<^(300)^, 4^ ?H3 *f|i ^44^ ^-°d^(3io)oi %s§s\^, m] 
4^^(ioo)«^ ^4 ^Ii 7h^s(i20)4 4^351^- *13 h^eKioo) 3^°fl 
-£*144. *IU ^47}^ -8-^(310)4 ^i 7>^-ft-5.(i20)3 4^31- ^Aj-^oi 4£ 

^ 1^44, 7fl^ol ^o}^Aj 7^4^(120)^3 4%4 7>^ ^o] 



% 
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S] .g-oj^ -£*1# *13 El^EKlOOH ^€ ^(140)-fr°l ^€ 

^]tt ^1, U*}^ ^HS).-8-o]^ 3«M ^(330)^1 c| ?A°) 

<23> oj ufl, ^AA^A tiVA>^(H0) ^5.^ ^f*b -frSJ-i- #4#-Ul0)4 

^^^(210)1- ^SRr ^1 7>i-fi-3.(120)^ 4^ ^fl^l *}^A?>}A. *fll ^AA^ 

-frSJ^(2i0)sl ^4^7> -f^sM sKJ^H^ - 7fl> X\] 7 fl H ojAj- 7fl 

^A>vgo) 2.^.0.3. ^AA^A -^^^(311)^.4 ^AA^A -B- 

-£-##(312)2] vH^^j-a- HTfl *fll ^AA^ ^^(310)^ ^7> i 

4, *)U ^^7>i ^^-(310)51 ^-^^(311)4 4^^(313)^ §*§tf^ ^ 

AS. sfe 3°1 a]-Bj-^§]-nf. 
< 24 > ^<3^-(300)£ ^RKllO) ^K^S] Afol^l -|-(410)°1 ^7l£# ti>A}^V(110) 

4^<m3 <>13sH ^>^(110)sl <q«!M| ^}^A. o. f-^H -fj-SJ 
£ ^7l^7> -fHt^Tfl ^£.3. ol*HM, ^ *fl2 7>^-B-S.(410)Hl- 

<25> ^cg^- Jl^^l(500)^ *1E^ E)^Ei(lOO)^] ^<^%>(400)-i- Jl^AAA. 

<26> ^^7>i -^-#^-(600)^ *fl2 7}i^-5.(410)s}- ^^^14. 

< 27 > ^sh, ^^- 7 >i -fi-<yjf(3oo)^ ^iii ^aa^ -r-^oio)^ f-^H -e-^m ^3- 

71-ife S] (100)011 *§^£ *fll 7}^S.(120)S. ^S\A 1H(200)S+ *g»<Hl 
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W3*r <I4 3«H 7^5)^ ti_UR>(110) §--§- V§4t»: 42 7>i^(410) ^ 

1^(111)4 ^(113)^: ^ -frM-(6Q0)l- ^\ 

^ ^3-2, ^(130)1- ^£]^r ^4^4 4*HH ^(200)4 

^RKHO) ^^4. ^oj, b§^(200)4 «N-#(110) ^o] ^4£]7fl 

^5L(200) ^4 n <£#£H, ^<i^ #*lf- A>-g-^> 

*|B] EH^( 100)4 #(400)4 #*Bmio)4 2]*H 42 7} 

^5(410)4 ?lEi E^E) (100)2] ^ S-l^H f-^}JES ^o^ S Sj-vl-o] ^3 7 }^^ 
(150)7> El ^£U, ^7}^ ^.-£-(300)4^ ?|Ei E] ^B] (100H ^ € 43 7f^ 
5(150)4 ^tflllS Q^Si^ S}4<2] ^2 ^^7>i -H-°g^(320)ol 4 

1H€4. 42 ^4"4A -B-^^(320)^r *§-n*\^ 41 ^AA^ -^^(310)^ ^-*Br 4 
-fj±4 ^-S-S ^7} + ^ -fHH3-°3.*l ^f5}7|l ^44^* tifl#A]7l7fl 

€4. °) 4, 42 7>i-fr-5.(410)4 43 71-^-8-^(150)^ ^Jf-^f- 7jA}^o] ^ 
7fl^t°l ^4*H 42 7}^i!L(410)5L£l ^%H> 7>i ^o] o1=o]x1jl,> 
7>;£-g- 14t ^ $14. 

^cg^- ^1(500)4^ 42 7Vi-fr5.(410)4 ^Slfe ^ ^Efl^ 7>>i 
S^(510)4, 42 7>i-fi-5(410)4 <?!^S]^ ^13 ^7|7>i ^- O ^^(520)ol ^4^, 
^AA^ ^-#^-(600)fe 7}i£^(510)4 <g^£]£^- ^1*14. 41 ^ 42 ^44^ 
^^(310, 320)M- ^44^ ^44^ -fi-#^-(600)7l4 ^]7\^ 

#e 1^ ^t-a^^ ^4 ^^(200) f-4 ^ s}o s5i 
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^3 ^-\A^ -8-^^(520)^ Afl^-g- ^7\^% $-<&%SLS.»\ "^U, % 

<30> L}o]-7K ^l^TT yJ-Al-^-o] oj:^ 7 fl^^ ^Efll- i^-f- 0_S*| 

<32> tiJ-Af^Vo] ^ ojfe AISLES- % 

<34> £ ti s Vtg^ Aj- 7 1 ^A^] ^3*1 7l#^ AfA) i^A-] Tg- «o> 
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[3^*8- l] 

^ <£4*Hr 4^ 7flsl XU 7}^-fi-5.(i20)7> e] on e-] (100)5}-; 

#7l tiVAf^-dio) vfl^ofl z}z} ^13^ ^(200)1-3)-; 

#7] ^ &l^Ei(100) ^ ^)^, ^7} ^^]o\] ^£ #7} 

X]l 7>^^(120)S} S^sq^Jf. *R](300)^r ^5)^r 4^ ^ X]l ^7} 

^ -fr^OlOW V§zM>; -^^(300)4; 

^"71 H}A>^(110) ^4 7>Al(400)5l ^ A>cl^ ^2 7}^-B-S.(410)7> 

^^%K400)4; 

>^7l E) on £•}( 100)^1 #7l ^^^-(400)^: JL^X\f}^ M<%^ ^1(500)4; 

A oM XI 2 7}i-°-^(410)4 ^AA^ -fr#^-(600)7> ^l^fe ^^^E] 

^EjS.1-. 
2] 

XI 1^ &<>H, ^"71 ^ E]^|E| (100)^1 ^^]tt ^A^r7\ 3LS.±= ^ S (130)7> 
Ei ^SJtt ^ ^<1^E] SlEiJSLl-. 

[^T 1 ^ 3] 

XI 1%H] $X°\*\, ^7} ^A>^(H0)4 $7] Xll ^7}+ -fr«a*(310)^r ^tfl^S. 
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i*Kr mi ?)maoo)o\] #71 m 7^^(120)^ 4^ 7ii<?i ^ 

4] 

*fl 1% 5E^r z\] 3%H1 Si^H, ^7l ^7}^ ^^(310)-£- ^7}^ 
7} %*Y5\S-^ ^AA^7\ -fr^fe ^-°g^(311)U4 ^AA^7\ 4HM^r -fi-##(312) 

*11 4%H1 # 7 j ^47^ -£-^(310)^ -^-^^(311)4 °J^t> 

<3(313)£ ^^91 3# ^SlS. ^ ^t^Bl a^SLf'. 

l^ofl 5A<>H, ^"71 £a}#(110)£ f-^^ (111)4, ^71 ^-(111)4 ^o. 

^1 6%H1 $X°)*\, #7) ^KHUO)^ ^(ii2)o)l^ ^o.s #f-*>*f ^ (113H 
^ ^ ^#^3 ^E^S-f:. 

8J. 

*l] 6* 0 > SE^r *ll 7%H Si«HA^ Aj-7] ^ S^EKlOO)^ vfl^-ofl^ Aj- 7 j H]-A}# 
(llO)-gr ^zM7l7l ^^7} ^S.(130)7> d] ^5)5), #7l ^ofl 
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4 A oM #44^ 4^(111)4 <?1^4 ^^(131)£: ^t4S ^-f-^U <$7] 

A o V 7l ^(112)4 <$1^4 ^^^(132, 133)^r #71 ^(112)^1 
47] #7] 41^3 44JH-^ Zj^4 vfl^S ^A} 

[^4 9] 

*fl 144 5^4, A o V 7l ^ Bj^UQOWfe. 4^ ^H7> 44 #44^-5. 4 
^JE.^ 110) ol ^44^ 444?ll afll 444^(1)4, Aj. 7 j 

*f|l 444^4 Ffl$Nte *fl2 444^(11)4, ^"71 *fll ti}Af^«-<4 4>7l 42 4 

A}#« AH^l 3*14*1 4« ^H7> 44 ^44-°5L 4*1451^ 471 444°1 #4 
4444 ^44fe 43 ^44^-(ffl)7> ^^£)rr ^ 4^°-S 4fe 441*^ 
4^o] S^Sf-. 

[*j^4 10] 

*ll 9%H1 aI°1 A i , 471 *113 444^(111)^ 44s tfl445L4 7fl7} % 

43°1, 471 *)l3 4444# 4°H^r U44 ^H7> 4*14^7 *fl4 4444(IV)7l- c] 

^44^ 34 4fe -g^t^e] 4*13 *1^SL#. 

[*j44 ill 

*ll 104*11 XH4, 471 U43 ^4 444^ 444 4*14 ^ Si-£4, 47l *1 
sl^Bi(100)^m 44S ^ffr ^(140)1:^1 3 ^44^r 34 4^°-S 4fe 4 
^^sl 4*13 ^] 
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12] 

A 5^1, sH^UOOHfe, #7l ^2 7}^-fr5L(410)^ #7l *1 

E| sHe^ #jjL <q<§^ <ai^ ^q-o^ ^ 3 7 }^-fj-3.(i50)7} c-1 ^#£U; 

#7l ^A7\+ -n-^ 1J f (200H^r >$M SHE-H #7] ^3 7>i^-JL 

(150)^ ^tflUS- 01^)5^ qo]S. v}yJ<H $)2 ^ 7 }^ ^-01^(320)0] ^#Sjxr 

13] 

*)1 HH %7) -H^^KSOOH^r ^7} 7>4:-B-5.(410)^ <31 

7}^£^(510)^, #71 *fl2 71-^3.(410)^- <34slfe *fl3 ^A7\^ -8-^(520) 

#71 ^z\7}^ -$-#^-(600)^ #71 71-^^^(510)^- <£7kS\~ ^^.S 
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